INTRODUCTION {#sec1-1}
============

Fanconi syndrome results from generalized dysfunction of the proximal renal tubule leading to impaired reabsorption defects in amino acids, glucose, sodium, potassium, bicarbonate, and phosphorus.\[[@ref1]\] Phosphate wasting owing to chronic renal loss and the inadequate synthesis of 1,25(OH)~2~ Vitamin D together produce hypophosphatemia, glycosuria with normal glucose level, aminoaciduria, hypouricemia, and hypokalemia. The symptoms include fatigue, muscle weakness, bone pain, fracture, and bone deformity.\[[@ref2]\] Numerous drugs are associated with the development of acquired Fanconi syndrome including antiretrovirals, aminoglycosides, and salicylates.\[[@ref3]\]

Recently, the nephrotoxicity of adefovir dipivoxyl (ADV), including Fanconi syndrome, secondary to antiretroviral therapy in HIV patients was reported.\[[@ref4]\] ADV is excreted unchanged in the urine through glomerular filtration, and tubular secretion and administration of 60 mg daily and above have been associated with nephrotoxicity.\[[@ref5]\] But, as a potent nucleotide analog against both the wild-type and lamivudine (LAM)-resistant hepatitis B virus (HBV),\[[@ref6][@ref7]\] ADV has been found nephrotoxicity at a 10 mg daily dose in HBV patients.\[[@ref8][@ref9][@ref10]\] Thus, the renal safety of ADV attract new concern.

Here, we diagnosed acquired Fanconi syndrome conjunction with severe hypophosphatemic osteomalacia in 2 chronic hepatitis B-positive patients on prolonged low-dose (10 mg daily) ADV therapy.

CASE REPORTS {#sec1-2}
============

Case 1 {#sec2-1}
------

The first patient was a 56-year-old male with a 1-year history of progressive bone pain involving his knees, ankles, lower back and ribs with difficulty in walking. He had a 7-year history of chronic hepatitis caused by HBV infection and had received LAM therapy for 2-year. Because the virus developed resistance to LAM, he had been receiving adefovir at a daily dose of 10 mg/day for 60 months before the development of these symptoms. The patient was not previously on any medication or herbal remedy known to affect skeletal health or result in nephrotoxicity. The laboratory results showed the feature of proximal renal tubule dysfunction, particularly severe hypophosphatemia \[[Table 1](#T1){ref-type="table"}\]. Bone scintigraphy revealed multifocal lesions including multiple ribs, costochondral junctions, costovertebral junctions, sacrum, both posterior iliac bones, both proximal tibia, right calcaneus, and the left second metatarsophalangeal joint area, which were suggestive of metabolic bone disorder (99mTc-hydroxymethylene diphosphonate whole-body bone scintigraphy showed multiple foci of increased radiotracer uptake in the thoracic spine, the sacroiliac region, the rib cage, the shoulders, the knees, and the ankles) \[[Figure 1](#F1){ref-type="fig"}\]. Bailing capsule, a kind of cordyceps sinensis preparation was used to improve the kidney function. The patient refused phosphate supplementation for personal reason. Even so bone pain was significantly reduced, and laboratory findings \[[Table 1](#T1){ref-type="table"}\] returned to normal within months of discontinuation of ADV and supplementation with calcium carbonate, and cholecalciferol.

###### 

Renal parameters at baseline and during follow-up
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![99mTc-hydroxymethylene diphosphonate scintigraphy demonstrates significant abnormal uptake in calvaria, maxilla, both scapulae, ribs](JRMS-20-416-g002){#F1}

Case 2 {#sec2-2}
------

The second patient was a 57-year-old male who presented with a 3-year history of generalized bone pain involving neck, shoulders, hip and knees, which resulted in an antalgic gait. He had a history of chronic hepatitis B-induced cirrhosis for which LAM 100 mg daily was commenced in 7-year before he was admitted into the hospital. ADV at a daily dose of 10 mg daily was added in owing to increasing serum aminotransferases and hepatitis B DNA levels, suggestive of LAM resistance. The patient had been receiving adefovir for 4 years before these symptoms come out. The patient was also not previously on any medication or herbal remedy known to affect skeletal health or result in nephrotoxicity. As presenting with diffuse musculoskeletal pain, the patient was first diagnosed as seronegative spondyloarthropathy in an outpatient department. After admitted into the hospital, hypophosphatemia and urinary phosphate wasting was confirmed by regular test. Laboratory investigation results on admission are included in [Table 1](#T1){ref-type="table"}. A diagnosis of hypophosphatemic osteomalacia in the context of Fanconi syndrome secondary to adefovir therapy was made. Dual energy X-ray absorptiometry and X-rays revealed diffused decrease in bone density. There was no clinical evidence of an infectious, inflammatory, or malignant process. Radiography showed ischemic necrosis of the femoral head on both sides (right, Garden III fracture; left, Garden III fracture) and femoral neck fractures \[[Figure 2a](#F2){ref-type="fig"}\].\[[@ref11]\] Magnetic resonance imaging of both hip joints showed fractures across the right and left femoral neck and bone edema, which had low-intensity on T1-weighted images and high-intensity on T2-weighted images \[[Figure 2b](#F2){ref-type="fig"}\]. So the patient was diagnosed as Fanconi syndrome and pathological femoral neck fracture associated with osteomalacia induced by low-dose ADV treatment. Adefovir was, therefore, ceased and entecavir commenced at a daily dose of 1 mg. The symptoms were improved by supplementation with elemental phosphate, calcium carbonate, calcitriol and bailing capsule after several months. But there was no significant improvement in kidney function \[[Table 1](#T1){ref-type="table"}\].

![Transverse section T1-weighted image demonstrates low-intensity femoral neck fractures and the T2-weighted image shows high-intensity bone edema in both femoral necks](JRMS-20-416-g003){#F2}

DISSCUSSION {#sec1-3}
===========

As for these two patients, with normal levels of 1,25-dihydroxyvitamin D3 and urinalysis and 24 h urine collection confirmed phosphate wasting, we considered that the impaired phosphate reabsorption could have been caused by dysfunction of the proximal renal tubule dysfunction, not by deficiency of vitamin D. Increased levels of potassium, glucose, N-acetylglucosaminidase and β2-microglobulin of urine samples collected over 24 h also supported our conclusion. ADV was considered the most likely culprit and was replaced by the entecavir. The quick resolution of serum phosphate levels suggests a close association between ADV and tubular kidney function.

The mechanism of action has not been clearly identified. All nucleoside analogs have the potential ability of inhibition of human DNA polymerase gamma involved in mitochondrial DNA replication, which can lead to varying clinical manifestations of mitochondrial toxicity.\[[@ref12]\] The pathophysiology of adefovir-related nephrotoxicity is multifactorial, initially dependent upon its entry into renal tubular cells through the human renal organic anion transporter-I (hOAT-1).\[[@ref13][@ref14]\] The importance of the hOAT-1 transporter was shown by a reduction in adefovir nephrotoxicity through its inhibition in patients on nonsteroidal anti-inflammatory agents.\[[@ref14]\]

Adefovir was initially developed as an antiretroviral agent for HIV but was abandoned due to the high rate of nephrotoxicity with higher doses. But the side effect is rarely reported at a dose of 10 mg daily, which was approved for the treatment of chronic hepatitis B in 2002. Although these two patients had taken lamivudin for several years, which also has nephrotoxicity, both of them developed typical symptoms of osteomalacia several year after they cease the suspicious drug. So we concluded the acquired Fanconi\'s syndrome was secondary to adefovir therapy. Among the nucleoside analogs approved for use in hepatitis B, entecavir, with a favorable safety profile and low incidence of resistance,\[[@ref15]\] has demonstrated little evidence of mitochondrial toxicity in humans.\[[@ref13]\] So we prescribe entecavir instead for HBV therapy. It\'s worth noting that among all the nephrotoxicity cases caused by adefovir were almost middle or old people and predominantly male, we conjecture host cofactors such as age, gender, and medical comorbidities, may also influence the risk of nephrotoxicity.

The clinical pattern of renal toxicity is dose-dependent and usually presents as reversible proximal renal tubular toxicity, characterized by slight rises in serum creatinine levels and decreases in serum phosphate levels. For the first patient, he got complete remission both in symptom and laboratory indicators after the therapy is stopped rapidly. The second case who was delayed for misdiagnose as AS, and loss the opportunity of reversing. The agent not only caused frank renal insufficiency and troublesome renal tubular acidosis, but also hypophosphatemia, and femoral neck fractures occurred. We noted a distinct increase in serum bone-specific alkaline phosphatase levels in both patients during the weeks after adefovir cessation and the administration of supplemental phosphate and Vitamin D. This occurred in the absence of abnormalities in the other hepatic enzymes. We, therefore, interpret this change as a reflection of skeletal recovery in response to the removal of the nephrotoxin and the supplementation of phosphate, a crucial substrate for bone mineralization.

Despite large clinical trials advocating the safety of ADV at 10 mg daily, long-term use of this agent may be nephrotoxic in rare cases. To the best of our knowledge, there have been less than 10 reported cases of Fanconi syndrome with prolonged ADV use, even less has secondary necrosis of the femoral head. The long-term consequences of proximal tubular dysfunction in patients treated with ADV deserve further study, and there is increasing evidence that ADV is associated with Fanconi syndrome. As they can be initially clinically silent yet lead to serious medical problems. Because osteomalacia often presents with diffuse bone pain, the disease can be confused with various musculoskeletal diseases, clinicians prescribing this drug should be aware of this potential complication, so these patients should have regular monitoring of hypophosphatemia, hypoalbuminemia and proteinuria, including β2-microglubulin as an early indicator of tubulopathy.\[[@ref2]\] A proactive surveillance and their prompt management are recommended in case of the development of irreversible tubulointerstitial injury and necrosis of the femoral head.
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